Gene expression and methylation patterns in cloned embryos.
A considerable proportion of the offspring, in particular in ruminants and mouse, born from nuclear transfer (NT)-derived and in vitro-produced (IVP) embryos are affected by multiple abnormalities, of which a high birthweight and an extended gestation length are the predominant features; a phenomenon that has been termed "Large Offspring syndrome" (LOS). According to a current hypothesis, LOS is caused by persistent aberrations of expression patterns of developmentally important genes starting as early as at the preimplantation stages. The underlying mechanisms are widely unknown at present, but epigenetic modifications of embryonic and fetal gene expression patterns, primarily caused by alterations in DNA methylation are thought to be involved in this syndrome. Appropriate DNA methylation is essential for regular transcription during mammalian development and differentiation. Sensitive reverse transcription polymerase chain reaction assays allow the study of messenger RNA (mRNA) expression levels of specific genes in single embryos. The methylation status of a specific gene can be assessed by bisulfite sequencing. Studies to unravel mRNA expression patterns from IVP- and NT-derived embryos have revealed numerous aberrations ranging from suppression of expression to de novo overexpression or more frequently to a significant upregulation or downregulation of a specific gene. mRNA expression patterns from in vivo-derived embryos are essential as the "physiological standard" against which the findings for IVP and NT-derived embryos are to be compared. Unraveling the underlying molecular mechanisms will contribute to the production of viable embryos and aid to improve biotechnologies applied to early mammalian embryos.